Development of renewable energy is considered as an effective measure to control greenhouse gas emissions in the world. Policy instrument to promote development of the renewable energy have been paid more and more attention. As the most industrialized and urbanized region, Beijing plays as a demonstration role to show the impact of environmental policy instrument on the development of renewable energy and the mitigation of GHG emissions. In this paper, based on the input-ouput table, we constructed a dynamic input-output model introducing renewable energy industries, as well as the invironmental policy instrument of the emission tax. It not only can explore the relationships among Beijing's renewable energy, economy and environment, but also can analyze the future trends of the economy and GHG intensity from 2010 to 2025. The objective function is the maximized GRP, subject to greenhouse gases emissions constraint and some subjective functions. The simulation results illustrated that with the GHG emissions constraint as1.5 times of the 2010 level, carbon tax as 80 CNY/t CO 2 -e is effective to promote the renewable energy development, economic development and GHG emissions mitigation. Annual growth rate of GRP can be up to 6.4%. The economic growth rate increases 0.6% compared with the condition when not introducing the policy instrument. In 2025, the GHG intensity will be 41.8 t CO 2 -e/million CNY, 41.4% reduced compared with the 2010 level. Total power generation of renewable energy can be 40.9 GWh, contributing to the reduction of 25 million CO 2 -e emissions in 15 years. This research proves that the proposed environmental policy instrument is effective to realize the government's targets.
Introduction
The share of renewable energy is increasing every year in the global energy consumption (Potočnik, 2007) . Renewable energy sources make a big reduction in the emission of greenhouse gases, improvement of energy security and promotion of sustainable development (Dincer, 2000) . In China, around 18% of the country's population lived in the top 35 large cities and the share of these cities was around 40% in the energy utilization and CO 2 emission of China in 2006 (Dhakal, 2009) . They shall play crucial roles in determining the future path of energy consumption and carbon emissions in China that meets the international commitment of reduction in GHG emissions made by the Central Government. Energy and environmental policy instrument adopted by those cities would be of great significance in achieving the national targets such as energy security and climate change mitigation (Zhang, Feng, & Chen, 2011) . Among them, Beijing is the most industrialized and urbanized region in China. Conducting studies of Beijing's energy-related carbon emission will both help the Central Government to formulate nation-wide emission-reduction measures and provide a role model for the rest of the country to emulate (Zhang, Zhang, Yang, Fath, & Li, 2013) . In 2011, Beijing firstly issued the "12th Five-Year Plan of New and Renewable Energy Development" (Beijing Municipal Commission of Development and Reform, 2011a) in order to enhance the utilization of renewable energy and reduce the carbon emission. The electricity and heating industry had the biggest share (28.5%) in the CO 2 emission by industries in 2010. It is urgent to increase the share of renewable energy by reducing the consumption of fossil-oriented energy sources in the electricity and heating industry in order to decrease CO 2 emission. In this paper, we constructed an extended input-output model into which renewable energy industries and the economic policy instrument of the emission tax are introduced, so as to analyze the effects of the environmental tax on reducing CO 2 emission and promoting eonomy, and to manifest if the environmental economic policy instrument is effective to realize the government's targets.
There are many models to explore the relationships among the energy, economic development and environmental protection in the world. CGE (Computable general equilibrium) Model emphasizes the interaction between different economic departments and accurately describes the relationship between the energy sectors and other economic sectors. Liang and Wei (2012) compared the impacts of different carbon tax schemes on household disposable income, household welfare, economic growth, and CO 2 emissions with a recursive dynamic CGE model. TIMES economic paradigm computes an inter-temporal dynamic partial equilibrium on energy and emission markets based on the maximization of total surplus. TIAM-World, which is based on the TIMES, was developed by many authors and used in many international and European projects (Labriet, Kanudia, & Loulou, 2012) . Rout et al. (2011) developed key energy indicators, which are used to project energy service demands and emissions forward for China in TIMES G5 model, to forecast the demand and the associated emissions by the end of the 21 st century. The current focus on global energy and energy price volatility high lights the importance of a sound econometric basis for key energy parameters used in CGE models, such as the GTAP-E model (Beckman, Hertel, & Tyner, 2011) . Input-out model has been recognized as a useful top-down approach for policy analysis and resources accounting (Wiedmann, 2009 ). Uchida and Higano (2006) constructed an extended input-output table including virtual industries and developed a comrenhensive methodology in three view points of value balance, energy balance and material balance to evaluate the impacts of policy instruments such as taxes and subsidies.
Environmental tax to affect the economy and environment has become a hot issue in economic research. Wei et al. (2011) analyzed the impact of the introduction of environmental tax based on tax economics from micro and macro level. Lu et al. (2010) constructed a dynamic recursive general equilibrium model to analyze the impact of carbon tax on Chinese economy in the long term. Yang et al. (2011) analyzed the impacts of carbon tax on Chinese macroeconomics, it get the optimal fixed carbon tax as 8.84 CNY/t CO 2 -e and 17.99 CNY/t CO 2 -e in different constraints. They mainly analyze the impact of carbon taxe on the whole country's economy and GHG reduction, however few papers focus on the impact of environmental tax for the individual regions.
The objectives of this study are to:
(1) construct an extended input-output evaluation model and introduce renewable energy industry and the economic policy instrument of the emission tax into the simulation model.
(2) analyze the effects of the policy instrument on reducing CO 2 emission and promoting new industries and expect to prove that the environmental economic policy instrument is effective to achieve the targets proposed by the government.
(3) focus on Beijing city to detect the impact of carbon tax on renewable energy development, economic development and environmental preservation, expecting to help the Central Government to formulate nation-wide tax and provide a role model that can be taken reference by the other regions to adopt the environmetal policy instrument to promote the utilization of renewable energy and mitigate the GHG intensity.
Method
In this study, the simulation is finished by LINGO, which is a programming language for solving linear, nonlinear and integer optimization problems. We constructed a dynamic simulation model based on input-output theory. In economics, an input-output model is a quantitative economic technique that represents the interdependencies between different branches of a national economy or different regional economies (Raa, 2009) . It can provide a consistent analysis framework and identify the contribution of related activities through inter-industry links in the economy, input-output model is a popular tool for policy evaluation in many nations (Oliveria & Antunes, 2004) .
Model Framework
In this study, the dynamic simulation model is based on input-output table, including an objective function and some subjective functions. As indicated in Figure1, the objective function is to maximize the total GRP from 2010 to 2025. Subjective functions include material flow balance, value flow balance, electricity supply-demand balance and investment-saving balance. The electricity flow balance module specifies the balance between electricity supply and demand. Electricity supply can be provided by three sources: thermal power, renewable power and imported power. Electricity demand is from the consumption of industries, household consumption and governmental consumption. In the input-output table, output should be in accordance with the input between the industries, household income, depreciation, indirect tax, carbon tax and subsidies to renewable energy industries. In the model, investment and saving blance describes the macroeconomic module in different economy entities. Since there are four economy entities in this model, including household, government, industry, and other inter-regional trade, it satisfies the macroeconomic law of four-sector economy: investment on industries plus net trade is equal to the saving in household and government. In the model, the capital stock in term (t+1) is related to the capital stock and the investment in the last term. So the capital stock of each industry is specified as follows: ( 1) 
The objective function is to maximize GRP from 2010 to 2025 in Beijing:
( ) GRP t : the gross regional production in term t (en) i V : the value-added rate of each sector in industry i (ex)
Data Sources
In this paper, Beijing's economic input-output table 2010 and the data of municipal waste is obtained from the Beijing Bureau of Statistics. The data of energy consumption in each setor is obtained from Beijing Statistical Yearbook (Beijing Municipal Bureau of Statistics, 2011). The amount of CO 2 emited by the different types of fossil energy can be calculated based on the emission coefficient from IPCC. Besides, the parameters of the renewable energy industries are processed based on the data collected from the registered CDM (Clean Development Mechanism) projects. Database can be obtained from authors upon request.
Case Setting
In this model, we set up three cases. The first is the baseline case, which is a simulation without GHG emissions constraint. In case 1 and case 2, the same greenhouse gases emissions constraint will be constructed. GHG emissions in term t are less than n times of that in base year (n =1.4-2.0). As indicated in Table 2 , when we choose n=1.5 times, the result not only satisfies the government's environmental objective in 2015 (reducing 18% of CO 2 emission per unit of GRP with compared with 2010 level), but also achieves the governmental economic target in 2020 (GRP will be doubled by 2010). Thus, case 1 is set only based on the GHG constraint. In case 2, renewable energy industries and carbon tax are introduced into the model. According to the Beijing's economic level, we set the carbon tax as 80 CNY/t CO 2 -e, the same as the price of a certificated emission reduction (CER) in the CDM market. The carbon tax is an oriented tax that promote the utilization of renewable energy.
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Conclusion
In China, each region is facing the contradiction of GRP growth and GHG mitigation. Beijing governmet issued the target of mitigating the GHG intensity and the enhance growth of GRP. The objective is to reduce 18% of CO 2 emission per unit of GRP compared with 2010 level by 2015 (Beijing Municipal Commission of Development and Reform, 2011b) . In 2020, GRP will be doubled by 2010. In this context, we constructed an extended model to evaluate the environmental tax's effects, with introduction of carbon tax as 80 CNY/t CO 2 -e.
The simulation results proved that the introduction of the environmental tax is effective to promote the utilization of renewable energy, realize the governmet's economic target and decrease the GHG intensity. It can be a successful example to other regions. Firstly, utilization of renewable energy increases greatly with total power generation from renewable energy as 40.9 GWh, contributing to the reduction of 25 million CO 2 -e emissions in 15 years. The proportion of renewable energy power can be 9% in 2025. Secondly, with the greenhouse gas emissions constraint as 1.5 times of the 2010 level and the carbon tax as 80 CNY/t CO 2 -e, it will lead to the increase of the total GRP from 2010 to 2025 by 1,307 billion CNY. Annual growth rate of GRP can be up to 6.4%. The economic growth rate increases 0.6% compared with the condition when not introducing the policy instrument. It can be proved that the introduction of carbon tax will promote the economic development in study area. Finally, GHG intensity is an important environmental indicator, which can reflect the relationship between the GHG emissions amount and economic growth rate. In 2015, the GHG intensity will be 52.8 t CO 2 -e/million CNY, 25% reduced compared with 2010 level. In 2025, the GHG intensity will decrease to 41.8 t CO 2 -e/million CNY, 41.4% reduced compared with the 2010 level. In this paper, there are some aspects needed to be improved. First, Beijing is rich in geothermal resources which can be used to produce heat, leading to reduction of the fossil energy consumption in heat industry. Meanwhilae, in terms of the renewable resources in this paper, they are only utilized to produce the electricity. However, they can be utilized in other directions, such as production of biomass oil, generation of solar thermal and so on. In addition, with repect to carbon tax, only carbon tax of 80 CNY/t CO 2 -e is introduced. In the future studies, it different levels of carbon tax (such as 50 CNY/t CO 2 -e, 100 CNY/t CO 2 -e) will be set and scenarios will be simulated to select the optimal tax rate for Beijing city.
